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An apparatus for generating a data file has a navigation infor
mation generator and a file constructor. The file constructor
constructs a file having a metadata container and a media data
container. The metadata container comprises information
indicating presentation times for a plurality of media samples,
and the media data container includes these media samples.
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13.2.3.16.1 Decoding Time to Sample Atom
Atom Type:
Container:
Mandatory:

'Sts'
Sample Table Atom (stb")
Yes

Quantity:

Exactly One

ISO/IEC 14496-1:2002

This atom contains a Compact version of a table that allows indexing from deCOding time to Sample number.

Other tables give sample sizes and pointers, from the sample number. Each entry in the table gives the number
of Consecutive Samples with the same time delta, and the delta of those samples. By adding the deltaS a
Complete time-to-sample map may be built.

The Decoding Time to Sample Atom contains decode time delta's: DT(n+1)=DT(n)--STTS(n) where STTS(n)
is the (uncompressed) table entry for Sample n.
The sample entries are Ordered by decoding time stamps; therefore the deltas are all non-negative.

The DTaxis has a Zero origin; DT(i) = SUM (for i=0 to i-1 of delta ()), and the sum of all deltas gives the
length the media in the track (not mapped to the Overall timescale, and not considering any edit list).
The Edit List Atom provides the initial CT value if it is non-empty (non-zero).
13.2.16.1.1 Syntax
aligned (8) class TimeToSamleAtom
extends FullAtom (sts, version = 0, 0) {
unsigned int(32) entry-COUnt;
int i;

for (i- 0; i-entry-COUnt; i----) {
unsigned int(32) Sample-COUnt;
int (32) sample-delta;
}

For example with table 1.2, the entry WOuld be:
Sample Count
Sample-delta
14

O

13.2.3.16.12 SemantiCS

Version - is an integer that specifies the version of this atom.
type - is 'sts' (for decoding times).
entry-COunt - is an integer that gives the number of entries in the following table.
Sample-COUnt - is an integer that COUnts the number of Consecutive samples that have the given duration.
Sample-delta - is an integer that gives the delta of these samples in the time-scale of the media.

FIG 8 (prior art)
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13.2.3.19 Sample to Chunk Atom
COntainer:

Atom Type:
Mandatory:

'stSC
SampleTable Atom ('stb")
Yes

Quantity:

Exactly one

ISO/IEC 14496-1:2002

Samples within the media data are grouped into chunks. Chunks may be of differentsizes, and the
Samples within a chunk may have different sizes. By using this table you can find the chunk that
Contains a sample, its position, and the associated Sample description.
The table is Compactly COded. Each entry gives the index of the first chunk of a run of chunks with the
same characteristics; by Subtracting One entry here from the previous One, you can Compute hOW
many chunks are in this run. You can Convert this to a sample COUnt by multiplying by the appropriate
Samples-per-Chunk.

13.2.3.19.1 Syntax

aligned (8) class TimeToChunkAtom
extends Full Atom ('stsc, version = 0, 0) {

unsigned int(32) entry-Count;
inti;

for (= 0; i-entry-Count; i++)
Unsigned int(32) first-chunk;
unsigned int(32) Samples-per-chunk,
Unsigned int(32) sample-description-index;

}
}

13.2.3.19.2 Semantics

Version - is an integer that specifies the version of this atom.
entry-COunt - is an integer that gives the number of entries in the following table.
first-chunk - is an integer that gives the index of the first chunk in this run of chunks that share the

Same Samples-per-chunk and sample-description-index.
Samples-per-Chunk - is an integer that gives the number of samples in each of these chunks.
Sample-description-index is an integer that gives the index of the sample entry that describes
the
Samples Atom.
in this chunk. The index ranges from 1 to the number of samples entries in the Sample
DeSCription

FIG 9 (prior art)
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13.2.3.20 Chunk Offset Atom

Atom Type:
COntainer:
Mandatory:

St00'
Sample Table Atom ('stb")
Yes

Quantity:

Exactly One

ISO/IEC 14496-1:2002

The chunk-Offset table gives the index of each chunk into the Containing file. There are two variants,
permitting the use of 32-bit or 64-bit offsets. The latter is useful when managing very large presentations.
At most One of these variants will OCCur in any single instance of Sample table.
Note that Offsets are file offsets not the Offset into any atom within the file (e.g. a Media Data Atom).
This permits referring to media data in files without any atom structure. It does also mean that care must be
taken when Constructing a self-contained mp4 file with its meta-data (Movie Atom) at the front, as the size

of the MOvie Atom Will affect the chunk Offsets to the media data.

13.2.3.20.1 Syntax
aligned (8) class ChunkOffsetAtom
extends FullAtom ('stco, version = 0, 0) {
Unsigned int(32) entry-COUnt;
inti;

for (i= 0; i<entry-COUnt; i++) {
unsigned int(32) chunk-offset;

aligned (8) class ChunkLargeOffsetAtom
extends FullAtom (CO64, version = 0, 0) {
unsigned int(32) entry-COunt
inti,

for (i- 0; i-entry-COUnt; i++) {
unsigned int(64) chunk-Offset;

13.2.3.20.2 Semantics

Version - is an integer that specifies the version of this atom.
entry-COUnt - is an integer that gives the number of entries in the following table.
Chunk-Offset - is a 32 or 64bit integer that gives the Offset of the start of a chunk into its COntaining media

stream (file).

FIG 10 (prior art)
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13.2.3.21 Sync Sample Atom
Atom Type:
Container:
Mandatory:
Quantity:

'stSS
Sample Table Atom ('stbl’)

ISO/IEC 14496-1:2002

Yes
Zer0 Or One

This atom provides a Compact marking of the random access points within the stream. Precisely the Samples
named here WOuld have the RandomACCessPoint flag set in their SLPacket headers. The table is arranged in
strictly increasing Order of Sample number.

In this table is not present, every sample is a random access point.

13.2.3.21.1 Syntax

aligned (8) class SyncSampleAtom
extends FullAtom (stss, version = 0, 0) {
unsigned int(32) entry-COunt;
inti;

for (i= 0; i-entry-COunt; i++) {
Unsigned int(32) sample-number;

13.2.3.21.2 Semantics

Version - is an integer that specifies the version of this atom.
entry-COUnt - is an integer that gives the number of entries in the following table.
Sample-number - gives the numbers of the samples that are random access points in the stream.

FIG 11 (prior art)
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13.2.3.18 Sample Size Atom
Atom Type:

'stSz'

Mandatory:

Yes

Container:

SampleTable Atom (stb!")

Quantity:

ISO/IEC 14496-1:2002

Exactly One

This atom COntains the sample COunt and table giving the size of each Sample. This allowS
the media data itself to be unframed. The total number of Samples in the media is always
indicated in the sample COunt. If the default size is indicated, then notable follows.

13.2.3.18.1 Syntax

aligned (8) class SampleSizeAtom extends FullAtom ('stSZ, Version = 0, 0) {
unsigned int(32) Sample-size;
unsigned int(32) Sample-COUnt;
if (Samle-size = = 0) {
inti;

for (= 0; i<Sample-COUnt; i++) {
unsigned int(32) entry-size;

13.2.3.18.2 Semantics

Version - is an integer that specifies the version of this atom.
Sample-size is an integer specifying the default sample size. If all the samples are the same
size, this field Contains that size value. If this field is set to 0, then Samples have different
sizes, and those sizes are stored in the sample size table.
Sample-COUnt - is an integer that gives the number of entries in the following table.
entry - size is integer specifying the size of a sample, indexed by its number.

FIG 12 (prior art)
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APPARATUS AND METHOD FOR
GENERATING ADATA FLE ORFOR
READINGADATA FLE
FIELD OF THE INVENTION

0001. The present invention relates to processing and
using data files having a container structure and, in particular,
to data files having a metadata container and a media data
container, the media data having audio and/or video data.
BACKGROUND OF THE INVENTION AND
PRIOR ART

0002. The distribution of data files via the Internet from
data servers to personal computers has found wide spread
acceptance. This downloading of files requires a certain file
structure. Among different file structures, the MPEG-4 file
structure is becoming more and more popular. In accordance
with the MPEG-4 standard (ISO/IEC 14496-1) a file format
(MP4-file format) is provided, which contains the media
information of an ISO/IEC 14496 presentation in a flexible,
extendible format that facilitates interchange, management,
editing, and presentation of the media. This presentation may
be “local to the system containing the presentation, or may
be via a network or other stream delivery mechanisms (a
streaming protocol).
0003. There exist other container-like file formats such as
Apple QuickTime files or other formats, which have a sepa
ration of metadata on the one hand and media data on the

other hand. A typical characteristic of Such container-like
files is that the media samples, i.e., video frames or audio
frames or, generally stated, access units are written in the
media data containerina'chunked' way. This means that one
media sample is written after the other without any interven
ing overhead information. This allows the MPEG-4 file to
become compact. On the other hand, the metadata container
includes the necessary information for finding the start of
each media sample in the media data container.
0004 FIG. 6 and the subsequent FIGS. 7, 8, 9, 10, 11, 12
have been taken out from ISO/IEC 14496-1:2002 and provide
information on the MP4-file format. Generally, an MP4-file
includes several atoms. The main atoms in a file are the
MOOV atom and the MDAT atom. The MOOV atom is indi

cated as 14001 in FIG. 6, and the MDAT atom is indicated at
1402 in FIG. 6. The MOOV atom 1400 can include, in a
certain hierarchical order, several further atoms, which are

shown in the table of FIG. 7 giving an overview of the atom
encapsulation structure of the MPEG-4 standard. For the
purpose of this specification, an MP4 MOOV atom 1400
would correspond to a metadata container, and an MDAT
atom 1402 would correspond to a media data container. Fur
thermore, the video and audio access units as mentioned in

FIG. 6 would correspond to media samples.
0005. The metadata atom MOOV 1400 includes several

information atoms, wherein some of these atoms are Subse

quently described with respect to FIGS. 8 to 12. As indicated
in FIG. 8, the STTS atom, which is also called decoding time
to sample atom contains a compact version of a table that
allows indexing from decoding time to the sample number.
Specifically, the decoding time to sample atom includes time
deltas which means that in order to find an absolute decoding
time of a particular sample, one has to add up all preceding
decode time deltas and the actual decode time delta for the

current sample.

Oct. 16, 2008

0006 FIG. 9 gives more information on the sample to
chunk atom which is also called “STSC atom. Generally,
samples within a media data are grouped into chunks. Chunks
may be of different sizes and can, in general, include one ore
more media samples. Additionally, samples within a chunk
may have different sizes. The sample to chunk atom provides
information to all samples within a chunk or “run of
samples'.
0007 FIG. 10 illustrates more information on the chunk
offset atom (STCO). The chunk offset table gives the index of
each chunk into the containing file. This means that, when one
wishes to access a certain chunk, one can retrieve the start

information of this chunk within an MP4-file by accessing the
sample table atom entry for the specific chunk. The chunk
offset value provides, for example, an indication of the first
byte of a specific chunk in bytes counted, for example, from
the first byte of an MP4-file.
0008 FIG. 11 illustrates a sync sample atom or “STSS”
atom, which provides a compact marking of random access
points within a stream. As it is known, for example, from
Video coding, specific video coding algorithms are applied
which rely on inter-frame prediction. Specifically, video
frames are encoded by generating groups of pictures, where
each group of picture has a first I-frame, i.e., an intra frame,
which is self-contained in that one can access this frame and
decode this frame without information from other frames.

Such an intra frame will be a random access point or a key
frame. This intra frame is followed by several prediction
frames, which are known as P-frames for a one-directional
prediction or B-frames for a bi-directional prediction. One
cannot directly access an B-frame or P-frame due to the fact
that this frame is not self-contained but relies on information

from its corresponding intra frame from the group of pictures
considered.

0009 FIG. 12 illustrates information on the sample size
atom (STSZ). This atom contains the sample countanda table
given the size of each sample. Therefore, together with the
sample to chunkatom of FIG.9, one can find the start of each
sample within each chunk based on the sample size atom.
0010 For processing an MP4-file, a file reader normally
reads the complete metadata container before starting decod
ing and rendering of the sample data included in the media
data container. This requires considerable memory resources
of the file reader due to the fact that several atoms which are

included in the sample table atom (STBL) in FIG. 7 corre
sponding to section 13.2.3.15 of the MPEG-4 standard
require a considerable amount of storage space due to their
considerable size. This is particularly true for the STTS atom,
the CTTS atom, the STSZ atom, and the STCO atom. Spe
cifically, due to the relative time information included in the
STTS atom which, of course, results in a quite compact table,
a file reader has to store the complete table even though a user
is, for example, only interested in some media samples rather
than all media samples in the media data container.
0011. The MP4 container is, as outlined above, a table
based format. As opposed to streaming containers like
MPEG-program streams or transport streams, where decod
ing can be started from within arbitrary points in a byte
stream, MP4 tables from the metadata container include

essential meta information Such as timing information, com
pressed sample sizes etc. This information about the media
content is stored at a centralized place in the MP4-file, which
is the movie resource or the MOOV-box in the syntax of MP4,
or generally, the metadata container.

US 2008/0256431 A1

0012 For playback and random navigation in the MP4
file, usually the complete movie resource needs to be loaded
into the memory to allow the playback and navigation logic to
properly perform its tasks.
0013 For a full length movie, the size of the movie
resource can quickly grow big, and 4 to 6 Mbytes are not
unusual values. This is normally no problem for personal
computer playback applications.
0014 Problems, however, arise, when MP4-files are to be
rendered in Smaller consumer electronic devices. These con

Sumer electronic devices are, for example, portable players,
mobile phones, navigation systems or any other wireless
devices, which are provided with a speaker output or a display
and some computational resources for rendering audio and/or
video data. Thus, not only detected audio or video players but
also other devices such as mobile phones or other Small-scale
and in most instances Small-priced consumer electronic
devices are more and more required to have an additional
value by rendering audio and/or video data. However,
although Such devices have an increasing amount of hard disc
or NVM (none volatile memory) storage, the amount of
working memory for the processor itself is nevertheless lim
ited. Thus, for Such smaller consumer electronic devices, it is

not feasible to keep such 4 to 6 Mbytes of data in their
processor working memory which is heavily restricted com
pared to ample processor memory resources known from
personal computers.
SUMMARY OF THE INVENTION

0015. In accordance with the present invention, this prob
lem is solved by providing a way for electronic devices with
limited working memory resources, so that even those
devices can read and process data files being structured in
metadata and media data containers. In accordance with the

present invention, redundant navigation information records
indicating a presentation time of a media sample are written
into the media sample container in addition to the regular
presentation time information included in the metadata con
tainer. Thus, the presentation information is redundantly
stored in the data file. This redundancy leads to a modest
increase of the complete file size. However, this modest
increase of the file size is awarded by a huge reduction of
memory resources required by consumer electronic devices
Such as mobile phones, mobile players etc., which are now in
the position to render an inventively processed data file with
significantly reduced working memory requirements.
0016 Hence the present invention makes it possible to
distribute MP4-files not only to personal computers having
high processing resources but to distribute container-struc
tured file such as MP4-files also to devices having limited
processing resources.
0017. A first aspect of the present invention is directed to
an apparatus for generating a data file, the apparatus compris
ing: an navigation information generator for generating
redundant navigation information records for media samples:
and a file constructor for constructing a metadata container
and a media data container, the metadata container compris
ing information indicating presentation times for a plurality
of media samples, and the media data comprising the plurality
of media samples in a media sample order, wherein the file
constructor is operative to construct the media data container
Such that each media sample has an associated redundant
navigation data record included in the media data container.
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0018. A second aspect of the present invention is related to
a data file reader for reading a data file, the data file reader
comprising: a parser for parsing the data file, the data file
having a metadata container and a media data container, the
metadata container comprising information indicating pre
sentation times or a plurality of media samples, and the media
data comprising the plurality of media samples in a media
sample order, wherein the media data container furthermore
contains redundant navigation information records for each
associated media sample indicating a presentation time of the
associated media sample, wherein the parser is operative to
parse the redundant navigation information record in the
media data container, and to interpret the redundant naviga
tion information record to determine a presentation time of
the associated media sample in the media data container for a
rendering of the media sample at the presentation time. A
third aspect of the present invention is related to a method of
generating a data file, comprising: generating redundant navi
gation information records for media samples; and construct
ing a metadata container and a media data container, the
metadata container comprising information indicating pre
sentation times for a plurality of media samples, and the
media data comprising the plurality of media samples in a
media sample order, wherein the media data container is
constructed Such that each media sample has an associated
redundant navigation data record included in the media data
container. A fourth aspect of the present invention is related to
a method of reading a data file, comprising: parsing the data
file, the data file having a metadata container and a media data
container, the metadata container comprising information
indicating presentation times or a plurality of media samples,
and the media data comprising the plurality of media samples
in a media sample order, wherein the media data container
furthermore contains redundant navigation information
records for each associated media sample indicating a pre
sentation time of the associated media sample, wherein the
redundant navigation information record in the media data
container is parsed and interpreted to determine a presenta
tion time of the associated media sample in the media data
container for a rendering of the media sample at the presen
tation time.

0019. A fifth aspect of the present invention is related to a
computer-readable medium having stored thereon a program
code for performing a method of generating a data file or a
method of reading a data file when the program code is
running on a processor.
0020. A sixth aspect of the present invention is the data file
transmitted over a transmission channel or stored on a com

puter-readable medium, which comprises a metadata con
tainer and a media data container, the metadata container

comprising information indicating presentation times for a
plurality of media samples, the media data comprising the
plurality of media samples, and, additionally, comprising
redundant navigation information records indicating a pre
sentation time of the associated media samples for each
media sample in the media data container.
BRIEF DESCRIPTION OF THE DRAWINGS

0021 Embodiments of the present invention are shown in
the drawings and will be explained in more detail in the
description below with reference to same. In the drawings:
0022 FIG. 1 schematically illustrates an apparatus for
generating a data file;
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0023 FIG. 2 schematically illustrates a more detailed
illustration of an embodiment of the apparatus for generating

0039. As illustrated in FIG. 2, an original data file 20 may
be a MP4-file or a QuickTime file or any other file having a

a data file of FIG. 1;

metadata container and a media data container 20a, 20b.

0024 FIG.3 schematically illustrates an embodiment of a

Specifically, the metadata container 20a includes information
on the presentation time of media samples, and the media data
or sample data container includes media samples without
intervening presentation time information records.
0040 Particularly, the navigation information generator
11 from FIG. 1 illustrates a parser 11a for the metadata
container 20a, an updater 11b for updating the metadata
information of the metadata container 20a, and a presentation
time calculator 11c for calculating an absolute presentation
time to be introduced into a redundant navigation information

data file reader;

0025 FIG. 4 schematically illustrates a data file in accor
dance with an aspect of the present invention;
0026 FIG. 5 illustrates a more detailed overview of a
redundant navigation record in the space between two Subse
quent media samples in the media data container;
0027 FIG. 6 illustrates an overview over an MP4-file;
0028 FIG. 7 illustrates an overview of the atom encapsu
lation structure of the MP4-file format;

0029 FIG. 8 illustrates information on the decoding time
to sample atom:
0030 FIG. 9 illustrates information on the sample to
chunk atom;
0031 FIG. 10 illustrates information on the chunk offset
atom;

0032 FIG. 11 illustrates information on the sync sample
atom;

0033 FIG. 12 illustrates information on the sample size
atom;

0034 FIG. 13 illustrates a flow chart for a preferred
embodiment for preparation for a random access mode;
0035 FIG. 14 illustrates a preferred embodiment for per
forming a random access based on the preparation of FIG.13;
and

0036 FIG. 15 illustrates a preferred way of performing a
sequential read operation based on the preparation for a ran
dom access of FIG. 13 or based on information from the

metadata container for a target sample.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

0037 FIG. 1 illustrates an apparatus for generating a data
file 10 in accordance with one aspect of the invention. The
apparatus comprises a navigation information generator 11
for generating a redundant navigation information record 12
indicating a presentation time of an associated media sample
for each associated media sample. The apparatus further com
prises a file constructor 13 for constructing a data file 10
having a metadata container 10a and a media data container
10b. The metadata container comprises information indicat
ing presentation times for a plurality of media samples, and
the media data container comprises the plurality of media
samples in a media sample order. Furthermore, the file con
structor 13 is ready to construct the media data container 10b
Such that each media sample has its associated redundant
navigation data record.
0038 FIG. 1 illustrates a situation, in which the navigation
information generator receives presentation and time infor
mation 15. Furthermore, the file constructor 13 receives the

media samples 16. The presentation time information 15 and
the media sample 16 can originate from a source encoder or a
file composer. Alternatively, the navigation information gen
erator 11 is operated to read a container-structured original
data file having a metadata container and a media data con
tainer, but in which the media data container does not include

the redundant navigation information records. In this embodi
ment, which is illustrated in more detail in FIG. 2, the navi

gation information generator is adapted to parse the metadata
container of an original file, and the file constructor is adapted
to parse the sample data container of this file.

record.

0041. The file constructor 13 specifically includes a parser
13a for parsing the sample data container 20b. Furthermore,
the file constructor 13 includes an updater 13b for updating
the sample data by adding the navigation information records
preferably interleaved between the media samples. Further
more, the file constructor 13 includes a data file formatter 13c

for finally formatting and outputting the inventive data file 10,
having the metadata container 10a and the sample data con
tainer or media data container 10b not only having media
samples in the sample order but also having redundant navi
gation information records for these media samples.
0042 FIG. 3 illustrates a data file reader for reading the
data file 10 having the metadata container and the media data
container 10a, 10b. Specifically, the data file reader com
prises a parser 30 for parsing the data file 10. The parser is
operated to parse the redundant navigation data record in the
media data container for a specific target media sample as
indicated by 31. Based on the redundant navigation packet for
the target media sample as indicated by 32, the parser further
more interprets the redundant navigation information record
to determine a presentation time 33 of the associated target
media sample31 in the media data container lob, for example
for Subsequent rendering of the target media sample31 at the
presentation time 33 by means of a renderer 34. The renderer
34 may include a media sample decoder 34a and a media
sample player 34b. To this end, the media sampler decoder
34a accesses the media data container and achieves the target
media sample 31 as schematically illustrated by the arrow
connecting blocks 10 and 34a. The media sample decoder
34a may be an audio decoder or a video decoder or may
include both decoding cores when the file is an audio and
video file.

0043. The media sample decoder 34 provides the decoded
media sample to the media sample player 34b which may
include speaker drivers for audio playing or a display for
Video playing. Additionally, the media sample player 34b
receives the presentation time for the decoded media sample
and is operated to play the corresponding media sample at the
correct presentation time.
0044 FIG. 4 illustrates a preferred embodiment of the
inventive media file 10 in more detail. Media file 10 once

again includes the metadata container 10a and the media data
container 10b. In the context of MPEG-4, the metadata con

tainer 10a corresponds to the MOOV atom, and the media
data container corresponds to the MDAT atom as indicated in
the context of FIG. 7. Specifically, the metadata container 10a
includes presentation time information which is indicated as
“time space information' in FIG. 4. Naturally, the metadata
container 10a may include additional metadata Such as all
metadata as indicated in FIG. 7 for the MOOV atom.
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0045. In the media data container 10b, however, the media
samples 40a, 40b, 40c, 40d, 40e, 40fare not written adjacent
to each other any more, but are written so that before each
media sample, the associated redundant navigation informa
tion record is placed. Thus, media sample 4.0a has the redun
dant navigation information record 42a associated therewith.
Exemplarily, media sample 40e, i.e. media sample no. 5 has
the associated redundant navigation information record 42e.
In the FIG. 4 embodiment, all redundant navigation informa
tion records are written before the associated media sample.
Furthermore, FIG. 4 indicates a file address axis 45, which is

directed from left to right so that the first byte of the metadata
container is byte 0 In this context, it is to be noted that address
calculations are usually done relative to byte 0, but there exist
other alternatives, where an address calculation is done rela

tive to a reference byte different from byte Zero.
0046. Therefore, each media sample has a certain offset
with respect to this byte 0 or with respect to a reference byte,
which is included in the chunk of this atom STCO as illus

trated in FIG. 10. Therefore, this table allows a reader to

access each media sample by starting reading this media
sample at the start address of the media sample which is
indicated in the chunk offset atom STCO.

0047. It is noted that the size of a navigation information
record, which is in the FIG. 4 embodiment equal to 8 bytes, is
illustrated in a highly exaggerated manner compared to the
size of the corresponding media sample. Normally, a media
sample has many more bytes than 8 bytes. Thus, the addi
tional overhead introduced by the redundant navigation infor
mation records is modest. Stated differently, a data file having
the inventive redundant navigation information records has a
file size which is greater than the file size of a straight-forward
MP4-file which only has media samples in the media data
container 10b. The file address axis 45 prescribes a certain
structure within the MP4-file. Typically, the file address axis
direction will also correspond to the read direction which the
reader applies when the reader has detected that there is an
MP4-file. This means that the reader starts at byte 0 and
normally firstly reads the media data container, and as soon as
the media data container is read, the file reader starts with

reading and rendering the media samples. The meta data
container may be placed before the media data container or
after the media data container. Generally, an order is not
imposed. This is specifically true for MPEG.
0048. In accordance to the present invention, however,
only a small portion of the media data containeris required for
reading the media samples due to the fact that each media
sample has associated therewith the redundant navigation
information record 42a to 42f which includes the necessary
information for parsing and finally rendering this media
sample.
0049. The difference between FIG. 4 file 10 and a straight
forward MP4-file is that in a straight-forward MP4-file, a
media data container 10b includes the media samples without
the redundant navigation information records 42a, 42b, 42c.
Therefore, in such a straight-forward file, the first byte of the
media sample no. 2 immediately follows the last byte of the
medium sample no. 1. In accordance with the present inven
tion, however, the byte or file position of the first byte of the
media sample no. 2 is equal to the file position of the last byte
of media sample no. 1 plus the additional offset of, e.g., 8
bytes incurred by the size of the redundant navigation infor
mation record.
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0050 FIG. 5 illustrates a more detailed overview of a
redundant navigation information record having a preferred
size of 8 bytes.
0051. The Navigation Information applies for the respec
tive following Media Sample. The Key frame bit is to be set
according to the Sync-Sample Table Information in the MP4
file. The value Track Id has to match the trackid from the

trackheader (tkhd) of the respective media track.
0052) If the Reserved bit is set, then the next “Sample
Size' bytes after the Navigation Information should be
skipped. The reserved bit is present to prepare future exten
sions of this proposal. Although the reserved bit is useful for
several applications, one can as well implement the invention
without using a reserved bit.
0053. The Sample Size is expressed in bytes.
0054 The Presentation Time does not take into account
any possibly present edit-list in the respective MP4-file track.
E.g. if an initial empty edit is present in the edit-list of the
track, then it's duration will need to be added to the value of

the presentation time field in order to obtain the final presen
tation time.

0055 FIG. 5 additionally underlines that the redundant
navigation information record is preferably placed between
two Subsequent media samples.
0056. The present invention may be implemented in dif
ferent application scenarios. The first application scenario is
that the inventive reader generates an inventive data file from
scratch, i.e. without a preceding “original, file already written
in a kind of a container-like structure. Thus, this file generator
receives presentation time information and media samples in
any format different from a container-like format and gener
ates the inventive container-like file 10 illustrated in FIG.1. In

an alternative implementation, which is illustrated in FIG. 2,
a file reader receives a container-like file. In this case, the file

generator generally maintains the structure of the container
like file, but modifies data within those containers. Therefore,
the FIG. 2 embodiment can be considered as a file converter.

The file reader as indicated in FIG.3 can also be implemented
in different embodiments. In one embodiment, the file reader

in FIG. 3 is implemented in a mobile device and is directly
associated to the renderer 34 in FIG. 3. Thus, the media

sample player 34b renders a media file without performing
any intermediate storage of a certain file in any formats. An
alternative implementation is a file “back’ conversion, i.e.
when the parser 30 is connected to a file constructor for
generating for example a prior art MP4-file without the redun
dant navigation information records in the media data con
tainer or for generating any other file in a table-based format
or in a streaming format.
0057 Subsequently, the FIG. 2 embodiment relating to a
file converter is discussed in more detail. This embodiment is

advantageous in that the inventive media file 10 can be used
by a straight-forward legacy file reader as well. The legacy file
reader will, as clearly outlined subsequently, feel that the
inventive file is a regular, for example MP4-file, and the
legacy file reader will not be disturbed by the redundant
navigation information records included in the sample data
container due to the fact that the legacy file reader will auto
matically skip these records due to the updated STCO atomas
outlined below.

0058. The parser for parsing the metadata container,
which is indicated at 11a in FIG. 2, will parse the metadata
container of a legacy MP4-file 20. This is done in order to
perform some specific changes to the MOOV atom. In context
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with FIG. 5, the updater 11b for updating the metadata infor
mation will write the key frame indication bit in FIG.1. This
bit is set according to the Sync-sample table information in the
MPEG-4 file. This bit indicates that a following media sample
is a sync frame Such as an intra frame or not. This Sync-sample
table information is included in the STSS atom as defined

under section 13.2.3.21 of the standard. The keyframe indi
cation bit maps directly to the information in the Sync-sample
table atom (STSS). This specific handling of the Keyframe
indication bit is, however, only required for video streams, but
would not be required for an audio file or for the portion of a
multimedia file including audio information. Alternatively,
the Keyframe indication bit for audio samples may be insert
to be always one. The lay-out of the navigation information
record, however, is preferably always the same, no matter if
an audio or video sample follows, since a priori the type of the
sample located after the navigation information is normally
not known to a reader in accordance with the present inven
tion.

0059. The track ID including 6 bits as indicated in FIG. 5,
is taken from the TKHD atomas defined insection 13.2.3.6 of

the MPEG-4 standard. Specifically, the track ID is found by
the parser 11a and used by the updater 11b. However, as the
track ID is represented only by 7 bits (without a reserved bit)
or 6 bits (if a reserved bit is provided), it is not possible to
directly map track Ids from TKHD with the value greater or
equal 128 to a converted file. Normally, this is sufficient, since
a remapping of track Ids can easily be performed during the
conversion process and it is assumed that the amount of
possible track is still sufficient for all relevant cases.
0060. The media sample size of 24 bits is included in the
redundant navigation information record. The media sample
size does not have to be calculated in a specific way, but can
just be taken from the sample size atom STSZ as defined
under section 13.2.3.18 of the standard and as illustrated in
FIG. 12.

0061 Subsequently, the presentation time calculator 11c
will be discussed in more detail. The presentation time of each
media sample in ms units is included into the redundant
navigation information. To calculate the actual presentation
time of a media sample, the decoding time to a sample atom
STTS is defined under section 13.2.3.16.1 and the composi
tion time to sample atom CTTS as defined under section
13.2.3.16.2 are used.

0062. In a preferred embodiment, the presentation time
calculator 11c in FIG. 2 does not take into account possible
edit list entries for calculating the presentation time as it is to
be included in the navigation information record. Thus, a
possible present edit list is taken into account by a reader
compliant with the invention in addition to the redundant
navigation information record.
0063. In real life applications, edit lists are normally not
used to their full extent. Many readers do not even parse the
ELST atom as indicated in FIG. 7 as part of the EDTS con
tainer at all. This is due to implementation complexity and
therefore, the lack of support in actual MP4 reader implemen
tations. Preferably, a simple case of a possibly present initial
empty edit list considered, since this is useful for modeling a
delayed start time of a track.
0064. The following equation results in a specific decod
ing time stamp (DTS) of a sample n:
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0065. In this equation, di (i-0 . . . . n-1) denotes the
duration of a sample measured in the track time scale. In fact
all di values map directly to STTS. Furthermore, DTSn is the
decoding time stamp of sample n in units of the time scale as
given in the MDHD atom, i.e., the media header having
overall information about the media as indicated in FIG. 7.

0066. The following equation results in the presentation
time of a sample in which is indicated as PTSn:
PTS =DTS-CT-CTO.

0067. In the above equation, CTn denotes the composition
time offset for sample n as indicated in the CTTS atom.
Specifically, CTO refers to the composition time offset of the
first sample in the respective track. Therefore, CTO is
included in the calculation so that the time stamp of the first
sample for each track equals 0.
0068 PTSn refers to the presentation time of the sample in
in the track under consideration. PTSn is measured in units of

time scale as given in the MDHD atom of the respective track.
The final time stamp value Tn to be used in the redundant
navigation information record for the media sample i is,
therefore, derived as follows:
Th=PTSnx1000/MDHD.time Scale.

0069. Tn is the final time stamp value which is the absolute
presentation time for the media sample in milliseconds.
0070. In accordance with the present invention, the pre
sentation time is included into the redundant navigation infor
mation in absolute terms. While the meta data container
includes information in differential or relative terms as

included in the STTS atom and in the CTTS atom, the redun

dant navigation information presentation time is given in
absolute terms and, preferably, even in an absolute time in
milliseconds. While differential timing information is some
thing which is characteristic for table-based containers like
the MPEG-4 or, for example, the AVI container, the present
invention uses absolute timing information for the redundant
navigation information record. Differential timing informa
tion can be used for synchronization if the information is
available for all samples up to the sample under consider
ation, since at Some point stillan absolute time value will need
to be derived from a series of differential timings. In stream
ing scenarios, differential information about previous
samples is normally not available. This is the case for a reader
compliant with the present invention, since Such a reader will
not, and this is an aspect of the present invention, store dif
ferential time information from the well-known STTS table in

memory. In order to not have to store this differential time
information and to, therefore, require a smaller amount of
memory resources, the timings are coded as absolute values.
Because the unit of a second as a time scale would not provide
the necessary accuracy for synchronization purposes in some
applications, the time scale of milliseconds is preferred.
0071. As soon as the navigation information generator 11
has completed the calculation and collection of a redundant
navigation information record, this record is written into the
sample data container before a Subsequently written associ
ated media sample. These tasks are performed by the data file
formatter 13c of FIG. 2. Thus, the result of this operation is a
file illustrated in FIG. 4 or FIG. 5.

0072 Subsequently, the modification of the meta data
container as performed by the updater 11b of FIG. 2 will be
discussed. The file converter in accordance with the present
invention preferable re-writes information in the MOOV
atom as well. First or all, an indication of the presence of the
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inventive digital streaming extension is included in the
MOOV user data space. Specifically, this information is pref
erably written into the UDTA atomas indicated in the last line
of the table in FIG. 7. The identification box/atom is prefer
ably part of this user data atom UDTA contained in the
MOOV.

0073. Furthermore, the file converter is operated to
restructure the chunk/sample relation, when the input file
indicates several samples within a single chunk. This is due to
the fact that it is preferred that only a single sample per chunk
is allowed. This has specific implications on the sample to
chunk atom STSC as given in FIG. 9 and as defined under
section 13.2.3.19 of the standard. Specifically, the updater
11b will update this table so that each chunk only includes a
single sample. Additionally, corresponding modifications of
other data which are directly resulting from this single
sample/single chunk relation are performed as well by the
updater 11b.
0074. Furthermore, the updater 11b will amend the chunk
offset atom STCO as defined under section 13.2.3.20 and

FIG. 10. This is due to the fact that the general chunk structure
is changed to have a single sample per chunk. Thus, compared
to a file in which there is a situation where one has several

samples per chunk, the chunk number is increased.
0075. The second reason for the change in the chunk offset
atom STCO is that the 8 bytes record length generally
stated—the length of the redundant navigation information
record has to be accounted for due to the fact that the chunk

offset element gives the absolute offset of the start of a chunk
into its containing media stream or file in absolute byte units.
This has already been discussed in connection with FIG. 4.
Alternatively, other addressing schemes within the file indi
cating the start of a media sample can be applied as well. Such
as addresses, pointers, indirect pointers, virtual addressing
operations etc.
0076. However, all other elements in the MOOV atom
remain unchanged. Therefore, the updater 11b only has to
process a part of the media data container, while the rest of the
media container i.e., the atoms which have not been specifi
cally discussed do not have to be amended and can be copied
from the original media data container 20a to the new media
data container.
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backward compatible mp4 file. Thus, the new stco informa
tion makes sure that the control/metadata between the chunks

in the mdat atom are transparent for a straightforward mp4
player having enough resources to read in the full mooV data
of 4-6 Mbytes. This straightforward reader, thus, skips these
data due to the chunk offset data. The transcoderfurthermore

generates a specific identification in a user data field for an
enhanced mp4 player.
I0083. The enhanced mp4 player reads in the user data field
and retrieves the identification if available. Then, the player in
an embodiment only reads in the stSS and stco data to find a
position in the mdat atom, where a video frame or an audio
frame starts. Then, the enhanced player steps back a prede
termined amount of data from the data position or address
indicated by the chunk offset information. In the above
embodiment, the amount of stepping back or going away
from the address indicated by the data in the moovatom is 8
bytes. Other values can be used as well. Then the enhanced
player starts to read these 8 bytes in accordance with a pre
defined syntax and retrieves the data necessary for rendering
the Subsequent audio or video frame. In an embodiment, the
navigation/control data or metadata for the next frame start
immediately after the end of the current frame (chunk) or a
predetermined number of bits before the start of the next
frame. This means that the enhanced reader can go from
frame to frame without always retrieving any data from a
different place.
I0084 Thus, the mp4 file reader can use the navigation data
written in a specific relation to the frame such as before the
frame with respect to a reading direction to check out whether
a frame is an audio frame or video frame or any other frame
and to send the frame to the identified decoder. Additionally,
the sample size or the presentation time can also forwarded to
the respective decoder when needed.
0085 Thus, embodiments of the invention include a
transcoder, method of transcoding or computer program for
reading a first file and for generating a second file having
redundant data with respect to the first file and having control
or navigation data belonging to frames or chunks interleaved
between the frames.

MP4-file:

0086. Further embodiments of the invention include a
reader, method of reading or computer program for reading a
second file having redundant data with respect to the first file
and having control or navigation data belonging to frames or
chunks interleaved between the frames, wherein a portion of
data read between frames is not read from another portion of
the file, and wherein a predetermined position with respect to
a frame or chunk is used for reading the control or navigation
data belonging to the frame or chunk.
0087 Further embodiments of the invention include a file
having redundant data with respect to another file and having
control or navigation data belonging to frames or chunks

0079 #define UUID STRX \

which data is interleaved between the frames or chunks.

0077. The maximum allowed Track Id is 63. Each medi
asample is stored in it's own chunk (normally it is possible to
group multiple samples from the same track within a chunk).
Additional empty (unreferenced) space in between media
samples, which is not covered by this proposal, is not allowed.
The media samples are physically interleaved according to
the timeline.

0078. The presence of the Nero Digital Streaming Exten
sions can be concluded from the presence of the Custom
Streaming Extensions Box in the Moov-Userdata space of the

I0088 Subsequently, the operation of an inventive reader
0081. Oxfo, 0x3f, Oxle, Ox4d, Oxbb, Oxba, 0x75, 0x08,

will be discussed in the context of FIGS. 13, 14 and 15. When

0082 In one embodiment, a transcoder reads a straight
forward mp4 file having a normal moov atom and a normal
mdat atom without any control data or meta data. This

UDTA atom of the meta data container 10b, to check out

starting a reading operation, the reader firstly determines the

transcoder selects certain information from the moov atom
and writes this information interleaved between the chunks in

whether there is a specific indication saying that this file is a
Nero digital streaming extension file. When this is positively
determined, the reader reads several portions of the MOOV
atom, but in contrast to a prior art reader does not completely

the mdat atom. The chunk offset stco as defined eg. In table 54
of ISO/IEC 14496-1:2002 can be updated to generate a new

as will be discussed Subsequently.

read or store the STSZ, STSC, STCO, STTS and STSS atoms
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0089. When the reader has determined that there is a Nero
digital streaming extension file, the reader reads the edit list
atom ELST into memory. This is due to the fact that timing
information in the extra navigation packet does not take into
account edit lists. When, for example, a track shall have a
delayed start, then this is usually accomplished by means of
an initial empty edit and the duration of this initial empty edit
has to be added to the time from the extra navigation packs by
the reader. Alternatively, the edit list can already be account
for in the redundant navigation information packet. In this
case, the ELST atom is not required by the inventive reader.
0090 Subsequently, an initial preparation of a reader for a
random access operation is discussed in detail. This initial
operation, however, can also be performed without an inten
tion to perform a random access. This preparation could for
example be also useful for only determining a small number
of entry points such as the first sample of a scene in a movie
or even only the first frame of each individual movie in a file
having more than one movie.
0091. One aspect of the reader is that it keeps a list of
information including information pairs of presentation time
and file position for all (video) key frames for enabling fast
random access in the file. This is indicated in FIG. 13 as the

“stored table” 130. The information for this list is inferred by
the reader from the tables STSS, STCO, STTS. In this con

text, it is mentioned that all key frames have the same value
for CTTS. Therefore, one does not require CTTS at this time.
0092. At step 131, the reader first locates the STSS table
and reads it entirely into memory as indicated at step 132. In
step 133, the reader and, particularity, the passer 30 of FIG. 3
locates STCO and STTS. STCO is read in suitably small
fragments. Thus, it does not have to be entirely buffered into
memory. While reading the STCO fragments, the reader dis
cards any entry which does not map to a sync-sample (key
frame) and remembers the information regarding sample
number and file position for all sync tables. This is indicated
at steps 134, 135, 136 in FIG. 13. The stored table 130 now
includes the sample number and the file position of each key
frame, i.e., for each frame which provides the possibility for
a random access into the media data of the media file. In step
137, the reader proceeds to the STTS table which is read in the
same fragmented style as the STCO table. While processing
the fragments, the reader derives the absolute time informa
tion for the remembered sync sample numbers from the dif
ferential time information of the processed STTS fragments
as illustrated at step 138 in FIG. 13. The calculation of the
absolute time information can be performed in the same man
ner as has been described in connection with the presentation
time calculator 11c of FIG. 2. Then, when the absolute time

for a sync sample is available, the reader converts the time to
milliseconds using the time scale from the MDHD atom, and
adds a respective entry to the initially mentioned stored table
130. Thus, the stored table 130 includes, for each key frame,
the file position and the absolute presentation time. Typically,
the stored table 130 will, in addition, include an indication

Such as a key frame index or any other indication. Alterna
tively, this indication could also have been omitted and could
be implicitly indicated by the order of the presentation time/
file position pairs/entries in the stored table 130. In one
embodiment, the stored table 130 is a table of keyframe
offsets and their respective timings. This format is useful,
since it allows a compact table consuming a reduced amount
of storage compared to storing keyframe indications in abso
lute terms.
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(0093 Subsequently, FIG. 14 will be discussed in order to
illustrate how a random access is performed in one embodi
ment. Random access means that a user can access any key
frame media sample within the media data container without
having to start playing the file only at the first sample with the
earliest presentation time. To this end, a user indicates a
certain point in time or a certain track or a certain sample
where she or he wishes to access the media file. This user

request is converted into a time stamp for a target sample, and
this time stamp for a target sample is received by the parser 30
of FIG.3 as indicated at step 140. Now, the parser30 accesses
the stored table 130 from FIG. 13 and looks for an entry
having a next Smaller time stamp compared to the time stamp
received in step 140. Specifically, the reader determines from
the presentation time/file position list the file position of the
Video-sync-sample which has the biggest time stamp which is
nevertheless Smaller than the target time stamp for the seek
operation. The reader now jumps to that byte position 8
bytes, since the navigation information always start 8 bytes in
front of the respective sample in a preferred embodiment as
indicated by step 142. Now, the reader starts reading samples
by means of the navigation information packets it encounters.
Thus, the stored table 130 is only required for finding the key
frame media sample and its associated navigation informa
tion.

0094. Then, as soon as this “first media sample of a
playing operation is found, all information required for play
ing the media file is included in the navigation data records
which are interspersed between two Subsequent media
samples as has been illustrated in connection with FIG. 4.
0.095 This sequential read operation will be discussed in
more detail in connection with FIG. 15. The parser 30 of FIG.
3 receives the target sample information which is a similar
operation as has been discussed in connection with FIG. 14 at
140. Then, as discussed in connection with step 141, the
parser 30 of FIG.3 accesses the stored table from FIG. 13 or,
alternatively, when such a stored table is not provided,
accesses the STCO atom of the metadata container for find

ing the chunk offset of the target sample as indicated at 151.
Such a reader may not provide random access functionality
or, for example, only has a single key frame which is the first
key frame of an actual data file. Alternatively, as discussed
above, the information from the STCO atom might be suffi
cient, since the absolute presentation time for a very first
Video frame or audio frame is not so important, since a player
can start a data file whenever it likes to do so. However, the

presentation time of the 'second media sample is required,
but is then included in the navigation information record
following the first (accessed) media sample and preceding the
second (next) media sample. Thus, in step 152 an inventive
reader in one embodiment jumps to the “first redundant
navigation information record, for example for retrieving the
sample size. However, as discussed above, the presentation
time is not necessarily required for this first sample. Then, in
step 153, the presentation time may be retrieved for this first
sample, for example in a multimedia presentation, where
audio and video have to be synchronized in a way. Alterna
tively, as stated before, the presentation time of the first media
sample is not necessarily required.
(0096. Then, in step 154 the reader reads the actual first
media sample based on the media sample size in the naviga
tion information record. In step 155, the media sample
decoder 34a of FIG.3 decodes the media sample and outputs
a decoded media sample. This output can be connected to the
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media sample player34 in FIG.3. In step 156, the reader reads
the navigation record for the next media sample which is
immediately following the first media sample. Then, the pro
cess loops back to step 153 as indicated by arrow 157 in order
to perform steps 153,154, 155 and 156 for the second and the
following media samples.
0097. In a preferred embodiment, an application wishing
to perform a random access to a passage in a media file will
request a random access to a specific point in time rather than
to a specific target sample number. Then, the reader performs
the translation from the requested time instant to the respec
tive target sample number.
0098. In a preferred embodiment, the inventive media file
is fully compatible to a legacy reader which skips the redun
dant navigation information in the MDAT atom due to the
updated information in the STCO atom.
0099. On the other hand, the inventive reader, when read
ing the STCO table will not take the chunk offset values as
they are, but will automatically subtract a value of 8 from the
chunk offset values in order to start reading at the beginning
of the redundant navigation information. Alternatively, when
the reader relies on the stored table 130 of FIG. 13, then the

entries are also not used as they are but the additional offset
value regarding the size of the navigation data information
record will be subtracted. Alternatively, however, the stored
table 113 may even be built in such a way that the redundant
navigation information record size is already accounted for
and this “automatic subtraction operation' does not have to be
performed. All in all, however, the most useful functionality is
achieved, when the stored table feature as discussed above is

implemented.
0100 While the foregoing has been particularly shown
and described with reference to particular embodiments
thereof, it will be understood by those skilled in the art that
various other changes in the form and details may be made
without departing from the spirit and scope thereof. It is to be
understood that various changes may be made in adapting to
different embodiments without departing from the broader
concepts disclosed herein and comprehended by the claims
that follow.
What is claimed is:

1. Apparatus for generating a data file, the apparatus com
prising:
an navigation information generator for generating redun
dant navigation information records for media samples:
and

a file constructor for constructing a metadata container and
a media data container, the metadata container compris
ing information indicating presentation times for a plu
rality of media samples, and the media data comprising
the plurality of media samples in a media sample order,
wherein the file constructor is operative to construct the
media data container Such that each media sample has an
associated redundant navigation data record included in
the media data container.

2. The apparatus in accordance with claim 1, in which the
file constructor is operative to place a redundant navigation
information record between two media samples so that each
media sample of the plurality of media samples is preceded by
a redundant navigation information record.
3. The apparatus in accordance with claim 1 or 2, in which
the media sample order is determined by an address space and
a corresponding address order, in which the addresses in the
address space are arranged, or in which the media sample
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order is determined by an order of reading the media data
container in a streaming mode determined by a data format
standard, or

in which the media samples are frames of audio or video
data being arranged in the media data container Such that
a media sample having a later presentation time is
arranged in the media data container in a reading direc
tion Subsequent to a media sample having an earlier
presentation time.
4. The apparatus in accordance with claim 1, in which the
navigation information generator is operative to generate the
navigation information record so that each record has the
same size in bytes.
5. The apparatus in accordance with claim 1, in which the
file constructor is operative to arrange the redundant naviga
tion information record for an associated media sample
immediately before the associated media sample in the media
data container.

6. The apparatus in accordance with claim 1, in which the
file constructor is operative to write the data file so that the
metadata container only includes metadata and does not
include media sample data.
7. The apparatus in accordance with claim 1, in which the
redundant navigation information record includes a media
sample size of the associated media sample.
8. The apparatus in accordance with claim 1, in which the
navigation information generator is operative to generate the
redundant navigation information so that the presentation
time is included in absolute values related to a reference time.

9. The apparatus in accordance with claim 8, in which the
absolute values are millisecond values.

10. The apparatus in accordance with claim 1, in which the
navigation information generator is operative to generate the
redundant navigation information record so that the redun
dant navigation information record further includes at least
one of the group of a keyframe indication, a track identifica
tion and a reserved indicator.

11. The apparatus in accordance with claim 1, in which the
file constructor is operative to generate the data file so that the
metadata container includes address information for indicat

ing a start of each media sample, wherein the address infor
mation is written so that a start of the redundant navigation
information record is not indicated and a start of the associ

ated media sample is indicated, and wherein the file construc
tor is operative to generate the file so that it is readable by a
reader not being able to parse the redundant navigation infor
mation records.

12. The apparatus in accordance with claim 1, in which the
file constructor is operative to construct the metadata con
tainer so that the metadata container includes presentation
time information in relative terms, in which an absolute pre
sentation time of a third media sample in the media sample
order is only determinable using a presentation time of a
second media sample in the media sample order, and
in which the file constructor is operative to construct the
media data container so that the redundant navigation
information record includes an absolute presentation
time information so that a presentation time of the third
media sample is determined without using a presenta
tion time of the second media sample.
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13. The apparatus in accordance with claim 1, further com
prising a file reader for reading an original data file having a
metadata container and a media data container, the metadata

container comprising information indicating presentation
times for a plurality of media samples, and the media data
comprising the plurality of media samples, and
wherein the navigation information calculator is operative
to read the presentation time information from the meta
data container and to calculate the presentation time
based on the information read.

14. The apparatus in accordance with claim 13, in which
the metadata container of the original data file includes a
chunk offset table indication having offsets with respect to a
reference position of the original file of sample in the media
data container, and

in which the navigation information calculator is operative
to retrieve the chunk offset table and to calculate a new

chunk offset table accounting for a storage space
required by the redundant navigation information data.
15. The apparatus in accordance with claim 13 or 14, in
which the metadata container includes a sample to chunk
table indicating that the plurality of samples belongs to one
and the same chunk, and

in which the redundant navigation information generator is
operative to rewrite the sample to chunk table so that
each chunk includes only a single sample.
16. The apparatus in accordance with claim 13, in which
the metadata container of the original file includes a user data
container, and
in which the redundant navigation information generator is
operative to rewrite the user data container by inserting
an indication that the data file is having redundant navi
gation information records in the media data container.
17. The apparatus in accordance with claim 1, in which the
data file or the original data file is a file in accordance with the
MPEG-4 specification or the Quick-Time specification.
18. The apparatus in accordance with claim 13, in which
the file constructor is operative such that a start address of a
media sample in the media data container of the data file is
increased with respect to the start address of the media sample
in the original media data container by an amount based on a
number of previously inserted redundant navigation informa
tion records and the sizes of the previously inserted redundant
navigation information records.
19. Data file reader for reading a data file, the data file
reader comprising:
a parser for parsing the data file, the data file having a
metadata container and a media data container, the meta

data container comprising information indicating pre
sentation times or a plurality of media samples, and the
media data comprising the plurality of media samples in
a media sample order, wherein the media data container
furthermore contains redundant navigation information
records for each associated media sample indicating a
presentation time of the associated media sample,
wherein the parser is operative to parse the redundant navi
gation information record in the media data container,
and to interpret the redundant navigation information
record to determine a presentation time of the associated
media sample in the media data container for a rendering
of the media sample at the presentation time.
20. The data file reader in accordance with claim 19, in
which the metadata container includes a chunk offset table

indicating offsets of media samples with respect to a refer
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ence position of the data file, and in which the data parser is
operative to read the chunk offset table and to apply an addi
tional offset for accessing an entry of the redundant data
record for a media sample indicated by the entry in the chunk
offset table.

21. The data file reader of claim 19, in which the plurality
of redundant navigation data records have a fixed size in
bytes, and wherein an additional offset depends on the fixed
size, wherein the additional offset is to be applied, when the
data file is to be accessed.

22. The data file reader in accordance with claim 19, in

which the parser is operative to keep a list of information
including presentation time and file position for keyframes, a
keyframe including a media sample from a group of several
media samples for random access.
23. The data file reader in accordance with claim 22,

wherein a keyframe is an intra frame of a sequence of video
frames, the sequence having, in addition to the intra frame, at
least two prediction frames, or whereina keyframe is an audio
frame.

24. The data file reader in accordance with claim 19, in

which the parser is operative to
locate a Sync-sample map.
read the Sync-sample map into memory,
locate a chunk offset table and a decoding time to sample
table,

read the chunk offset table in table fragments,
discard entries not relating to a key frame,
store a table comprising a sample number and a file posi
tion information for the keyframe,
read the time to sample table in table fragments and calcu
late absolute time information for the key frames, and
add time information to the stored table for the keyframes.
25. The data file reader of claim 19,

in which the parser is operative to keep a stored table
having, for each keyframe, file position information and
absolute time information, and

in which the parser is operative to receive a random access
user request indicating a user-selected presentation
time, to retrieve a matching time from the stored table,
and to access the media sample indicated by the file
position information in the table.
26. The data file reader in accordance with claim 19, in

which the parser is operative, in a sequential read mode,
to access a chunk offset table for identifying a file position
of an intended Start media sample,
to access the data file at a position being equal to a combi
nation of the file position and a predetermined fixed
additional offset,

to access the redundant navigation information record for
the start media sample, and
to read the start media sample based on media sample size
information in the redundant navigation information
record.

27. The data file reader in accordance with claim 26, in

which the parser is operative
to find a beginning of a redundant navigation information
for a next media sample using the media sample size
information, and

to determine a presentation time of the next media sample
based on the redundant navigation information record
for the next media sample, and
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in which the parser is operative to controla data renderer to
render the next media sample based on the presentation
time.

28. Method of generating a data file, comprising:
generating redundant navigation information records for
media samples; and
constructing a metadata container and a media data con
tainer, the metadata container comprising information
indicating presentation times for a plurality of media
samples, and the media data comprising the plurality of
media samples in a media sample order,
wherein the media data container is constructed Such that

each media sample has an associated redundant naviga
tion data record included in the media data container.

29. Method of reading a data file, comprising:
parsing the data file, the data file having a metadata con
tainer and a media data container, the metadata container

comprising information indicating presentation times or
a plurality of media samples, and the media data com
prising the plurality of media samples in a media sample
order, wherein the media data container furthermore
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contains redundant navigation information records for
each associated media sample indicating a presentation
time of the associated media sample,
wherein the redundant navigation information recordin the
media data container is parsed and interpreted to deter
mine a presentation time of the associated media sample
in the media data container for a rendering of the media
sample at the presentation time.
30. Computer program having a program code for perform
ing the method of claim 28 or 29 when the computer program
runs on a processor.

31. Data file having a metadata container and a media data
container, the metadata container comprising information
indicating presentation times or a plurality of media samples,
and the media data comprising the plurality of media samples
in a media sample order, wherein the media data container
furthermore contains redundant navigation information
records for each associated media sample indicating a pre
sentation time of the respective associated media sample.
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c

c

c
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